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Complete List of Exclusion Criteria
• Acute severe intracranial or spinal neurological disorder due to vascular causes, infection, intracranial expansion or injury.
• Uncompensated acute circulatory failure at time of randomization (severe hypotension with MAP < 55 mmHg despite volume and pressors). • Severe bradycardia (HR < 50 beats/min).
• AV-conduction block II-III (unless pacemaker installed).
• Severe hepatic impairment (bilirubin > 101 μmol/l).
• Need for muscle relaxation at the time of randomization (could only be used for intubation and initial stabilization).
• Loss of hearing or vision, or any other condition which could significantly have interfered with the collection of study data.
• Burn injuries and other injuries requiring regular anesthesia or surgery.
• Use of centrally acting alpha-2 agonists or antagonists (e.g., clonidine, titzanidine, apraclonidine and brimonidine) within 24 hours prior to randomization. • Known allergy to any of the study drugs or any excipients of the study drugs. • Patients who had or were expected to have treatment withdrawn or withheld due to poor prognosis.
• Patients receiving sedation for therapeutic indications rather than to tolerate the ventilator (e.g. epilepsy).
• Patients unlikely to require continuous sedation during mechanical ventilation (e.g. Guillain-Barré syndrome).
• Patients who were unlikely to be weaned from mechanical ventilation; e.g. diseases/injuries primarily affecting the neuromuscular function of the respiratory apparatus such as clearly irreversible disease requiring prolonged ventilatory support (e.g., high spinal cord injury or advanced amyotrophic lateral sclerosis). • Distal paraplegia. • Positive pregnancy test or currently lactating.
• Received any investigational drug within the preceding 30 days.
• Concurrent participation in any other interventional study (any study in which patients were allocated to different treatment groups and/or non-routine diagnostic or monitoring procedures were performed). • Previous participation in this study.
• Any other condition which, in the investigator's opinion, could make it detrimental for the participant to take part in the study.
Titration of Study Drugs
Both study drug (active and dummy) infusions were always altered simultaneously. If over-sedation occurred, the study drug could be temporarily discontinued. Patients who could not be adequately sedated with the maximum dose of study drug and rescue boli were withdrawn for lack of efficacy. The depth of sedation was assessed using the RASS score. The RASS score ranges from -5 to +4 as follows: -5-unarousable by physical stimulation; -4 deep sedation: no response to voice but movement or eye opening to physical stimulation; -3 moderate sedation: movement or eye opening to voice (no eye contact); -2 light sedation: briefly awakens with eye contact to voice (less than 10 seconds); -1 drowsy: not fully alert, sustained awakening to voice (eye opening/eye contact for at least 10 seconds); 0: alert and calm; +1: restless, anxious but movements not aggressive/vigorous; +2 agitated: frequent non-purposeful movement, fights ventilator; +3: very agitated, pulls or removes tubes or catheters, aggressive; +4 : combative: overtly combative, violent, immediate danger to the staff 
Adverse events
Definition of adverse event (AE) An AE was any untoward medical occurrence in a patient or clinical investigation participant administered a pharmaceutical product and which did not necessarily have a causal relationship with this treatment. AE could therefore be any unfavorable and unintended sign (including an abnormal laboratory finding), symptom, or disease temporally associated with the use of an investigational medicinal product, whether or not related to the investigational medicinal product. Thus, an AE could be an appearance or worsening of any undesirable sign or symptom, any worsening of the concomitant disease or onset of a new disease, compared with the previous observations or clinically significant adverse change in a laboratory variable or other diagnostic finding (e.g. ECG). However, study participants required intensive care due to unstable function of one or several vital organs. Diverse and multiple clinical findings, symptoms and signs, and laboratory findings deviating from normal were expected to occur frequently, given the severity of their illness. Expected minor fluctuations in the study participant's presenting illness did not represent an AE. Any clinically significant worsening in a study participant's condition based on clinical judgment, compared with the study participant's baseline status at the time of randomization, had to be recorded as an AE. This applied whether or not the worsening condition was considered to be due to the study participant's primary underlying illness, and whether or not it was considered to be related to study treatment. Clinically significant adverse changes in laboratory variables, vital signs or other diagnostic findings (e.g. ECG) had to also be recorded as AEs.
Definition of serious adverse event (SAE) An SAE was any untoward medical occurrence that at any dose resulted in death, was life-threatening, required inpatient hospitalization or prolongation of existing hospitalization, resulted in persistent or significant disability/incapacity, was a congenital anomaly/birth defect, or was an important medical event jeopardizing the study participant or requiring intervention to prevent serious outcome. In this study, careful judgment was applied when reporting SAEs, since patients in ICU generally already had a life-threatening condition and their length of hospitalization could not be predicted with any certainty. Therefore, in the ICU setting, AEs could not readily be judged life-threatening or resulting in prolonged hospitalization. Similarly, any persistent disability did not necessarily indicate an SAE, if it was predictable from the study participant's clinical condition at the time of randomization. However, any newly-emergent condition that met the above definitions of an SAE was recorded as an SAE. In addition, the investigator made a best effort to identify any clinically significant worsening of the study participant's underlying condition that met the definitions of SAE. Survival and ICU stay were study endpoints that were additionally reviewed by the DMC.
Death was generally presumed to occur as the outcome of an SAE. In cases where a study participant succumbed to the condition for which they were admitted to the ICU, there was a presumption of clinically significant worsening in the study participant's condition. It was therefore expected that death always resulted in an SAE report.
Other significant AEs AEs that were clinically notable and not considered as SAEs were other significant AEs. These were identified by the investigator or the sponsor during or after the study. Withdrawal of study treatment due to an AE was always considered as other significant AE. Other examples that could be considered as other significant AEs were the following: Diagnostic or therapeutic interventions, routine or pre-planned interventions or diagnostic procedures related to the study participant's underlying illness (e.g. tracheotomy in study participants requiring mechanical ventilation) were not AEs and were not to be recorded as such, whereas reduction of the dose of study treatment due to AE, significant additional concomitant treatment due to AE, marked hematological and other laboratory abnormalities, and treated hypertension episodes were to be recorded as other significant AEs.
Clinical safety assessments
Vital signs Heart rate (HR) was measured by continuous ECG monitoring while it was still in place. Once continuous monitoring was no longer needed, HR was determined by palpation of the radial artery. Systolic, diastolic and mean arterial blood pressure (MAP) were measured by means of an arterial transducer when available, or else by automated sphygmomanometer. Recording of HR and blood pressure was avoided immediately after coughing, or nursing procedures. MAP was recorded at screening and baseline. After starting study treatment, MAP was calculated within EDC system. SpO2 was measured by pulse oximetry. Respiratory rate was measured for at least 30 seconds by clinical observation. Weight was measured where possible, or estimated. In place of a measured weight at screening, the known weight could be used if it had been recorded within 3 months. Any clinically relevant deviations in the vital signs were followed according to established clinical practice.
ECG and arrhythmias
Study participants in ICU had continuous ECG monitoring with alarms. Cardiac rhythm, including arrhythmias and AV blocks, was recorded daily. Any clinically significant abnormalities observed since the last report that were not present at baseline had to be reported as AEs. An ECG trace was printed for any occurrence of arrhythmia or AV block considered by the investigator to be clinically significant, wherever possible. The printout was forwarded to the sponsor for further analyses. A copy was taken and retained in the investigator's study file together with the study participant's worksheets. A 12-lead ECG was recorded at specified times. A duplicate printout of the 12-lead ECG trace was provided to the study monitor. One printout was forwarded to the sponsor for central analysis and measurement of PR, QRS, QT and QTc intervals. Any clinically relevant deviations in the ECG parameters were followed according to established clinical practice at the study center. Clinically significant changes in ECG parameters had to be reported as AEs. In addition, any changes indicative of myocardial ischemia were also reported as AEs. Diagnoses were reported when available. If the events were not related to a diagnosis, the individual events were reported separately.
Laboratory safety assessments Blood samples for hematology and clinical chemistry analyses were collected from an arterial line, an antecubital vein, or a central or peripheral venous cannula, provided that sufficient blood was first discarded to avoid mixing with any infusate prior to collection of the samples. Because of the inevitable delay in obtaining results from the central laboratory, study samples were generally an addition to the daily standard care laboratory assessments of the study participant. Arterial blood gases were analyzed after extubation or stopping inspiratory assistance via tracheotomy, provided that an arterial cannula was still in place. FiO2 was recorded on the CRF. A pregnancy test for all women of < 60 years of age was performed either with a proprietary "home" pregnancy test kit or by quantitative analysis of beta subunit of human chorionic gonadotropin (beta-HCG) concentration in blood or urine.
Other safety assessments Concomitant treatment: concomitant treatments, including rescue treatment for sedation, were recorded. For treated hypertension episodes, the highest systolic blood pressure before initiating or during anti-hypertensive treatment was recorded. In addition, medication used to treat the hypertension was recorded. Blood pressure was recorded 2 hourly until stopping the anti-hypertensive treatment, at the end of the 48-hour follow-up period or ICU discharge, whichever came first. The treated hypertension had to be recorded as a significant AE and followed up accordingly unless it was a pre-existing condition for which the routine treatment was re-started. Delirium: the presence of delirium was assessed based on the clinician's judgment, supplemented by the CAM-ICU procedure at the end of the 48-hour follow-up period (Ely EW et al., 2001) when sedation would no longer interfere with assessment. Positive CAM-ICU findings were only reported as AEs (i.e. delirium) if the investigator considered that clinically significant delirium was present. Delirium during the study treatment and/or 48-hour follow-up was analyzed by collecting AEs of delirium and related disorders under a single term. Episodes of anxiety or agitation requiring re-sedation at a sedation stop could in some cases reflect delirium and were therefore included in an analysis of cases of possible delirium. Organ failures: organ failure was assessed using SOFA (Vincent JL et al., 1996) . The individual scores were recorded, and the number of organ failures and total score for all organs were calculated. The function of several organs required laboratory assessments. Routine local laboratory values were used. If these were not available, results from central laboratory were used. For the purpose of this study, any laboratory test (study specific or part of the standard of care of the study participant) was considered normal until the first measurement fulfilling the criterion for organ dysfunction or failure for the respective organ. Similarly, a dysfunction or failure based on laboratory values was considered as being present, until the first subsequently normal values were observed.
Sensory and motor deficits: the presence of clinically relevant muscle weakness or sensory deficits was assessed using the Medical Research Council (MRC) scale (Medical Research Council 1976) , peripheral tendon reflexes and pin-prick sensation testing. Survival: time, date, location and main diagnosis for the cause of death were recorded. The main reason for death was classified by the investigator as described by Takala et al (Takala J et al., 1999) . Withdrawal syndrome: study participants were monitored during the 48-hour follow-up after withdrawal of sedation, to ensure that any signs of excessive sympathetic activity (such as agitation, sweating, tremor, palpitation, anxiety, nausea and headache) indicating a possible withdrawal syndrome were noted. Any such clinically significant symptoms were recorded on the assessment of withdrawal symptom CRF and investigators indicated whether in their opinion the study participant was experiencing a withdrawal syndrome.
Withdrawal syndrome had to be reported as an AE. In addition, if the investigator considered that the participant was not experiencing the withdrawal syndrome, the separate symptoms were recorded as AEs unless they were part of any other reported AEs. 
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Imputation rules
Imputation rules for the efficacy variables were used to account for missing data.
• Maintaining a target depth of sedation o If patient did not start study drug infusion, time on target was considered nil.
o If RASS assessment was not performed or missing during the study drug infusion, value was not imputed but interpolated from preceding and consequent assessments. If the gap between the two RASS assessments was more than 7 hours or more than 30% of anticipated assessments were missing, participant was excluded from PP analysis set.
• Duration of mechanical ventilation o If end time of mechanical ventilation was missing, then time being medically fit for discharge from study hospital ICU was used.
o If patient died while ventilated or participant was taken off ventilation for terminal care, duration of mechanical ventilation was considered to be 45 days (1080 hours) o Patients discharged from the ICU while still mechanically ventilated, or still ventilated at day 45, were censored at discharge or day 45, respectively
• Nurse's assessment of patient communication was defined as weighted average of each nursing shift. Missing dates and times of nursing shifts were imputed using middle date and time of the previous and the next assessment if available. In blind review of the data it appeared that more than 15% of the baseline data were not collected at site. There was no apparent systematic pattern and missing data were considered missing at random. Missing baseline was modeled using other baseline characteristics (baseline RASS and baseline SOFA CNS score) that were potentially related to lack of baseline assessment.
Model was based on blinded PRODEX and MIDEX database and multiple imputation methodology. Multiple imputation procedure was used to replace each missing value with a set of plausible values that represent the uncertainty about the right value to impute. These multiple imputed data sets were then analyzed by using standard procedures for complete data and combining the results from these analyses. Total of 100 random imputations were made using SAS® PROC MI MCMC method.
• Length of study ICU stay was defined as time from randomization to being medically fit for discharge or transfer from the study ICU. If participants were re-admitted to study ICU within 48 hours of initial discharge then the time to subsequent successful discharge was used instead.
o If time of being medically fit for discharge was missing then actual ICU discharge time was used o If patient died during ICU stay or was discharged for terminal care, duration of ICU stay was considered to be 45 days (1080 hours) o If patient was re-admitted to study ICU within 48 hours of initial discharge then the time to subsequent successful discharge was used
• Time to extubation was defined as time from randomization until endotracheal tube was removed (or alternatively stopping inspiratory support in tracheotomized participants).
o If extubation time was missing then end of mechanical ventilation was used.
o If patient died while intubated or was extubated for terminal care, duration of intubation was considered to be 45 days (1080 hours) o Patients discharged from the ICU while intubated, or still intubated at day 45, were censored at discharge or day 45, respectively
• Length of study hospital stay was defined as time from randomization to actual discharge.
o If actual hospital discharge date was missing or patient died during hospital stay, patient was considered hospitalized for 45 days.
o Patients still hospitalized at 45 days were censored at day 45.
Justification of non-inferiority boundary
The main arguments for setting the boundary of non-inferiority at 15% were clinical relevance, expected variability in sedation, and statistical robustness. In routine clinical practice, sedation is commonly assessed at approximately 2 hr intervals; a 15% difference (equal to 3.6 hrs in 24 hrs and roughly the time span of two routine assessments of sedation) is therefore likely to be detectable and relevant for clinical use.
At the time the studies were designed, the only previous trial that used a similar sedation endpoint (time in target range of sedation without using rescue medication) and a non-inferiority design was our pilot study (reference 16). In that study, we used a noninferiority boundary of 10%. For the current studies the number of centers was markedly higher than in the pilot study. An increase in variability in all relevant variables was very likely-specifically, the RASS scoring has poorest reproducibility at RASS levels of -3 to -2 (Sessler et al., Am J Respir Crit Care Med 2002 Med , 166: 1338 Med -1344 . This was considered as a further argument for the 15% noninferiority boundary.
Statistical robustness: the patients were anticipated to be in the target range of RASS -3 to 0 64% of the time they were receiving standard sedative treatment. Further, a common standard deviation of 31% was expected. As the estimated standard deviation was approximately twice the size of the non-inferiority margin, the possibility of dexmedetomidine being inferior to midazolam or propofol, but still meeting the non-inferiority criteria, was considered almost impossible.
Technique to estimate covariances
Primary data were analyzed in original scale using the SAS PROC MIXED procedure with fixed effects for treatment and country. The model estimated least square means, corresponding standard errors and covariance matrix for treatment responses. The ratio estimate was derived as ratio of the two least square means (lsDEX/lsSOC) and the variance was estimated using Taylor series expansion as Ratio^2 * ((seDEX^2 / lsDEX^2) + (seSOC^2 / lsSOC^2) -(2*COV(DEX,SOC) / (DEX*SOC))) (Lindsey J. K. (1996) , Parametric Statistical Inference, Oxford Science Publications). Precision of the estimates was confirmed using Bootstrap simulations.
Length of stay
Length of ICU stay from ICU admission* Length of ICU stay from admission to medically fit for discharge was similar between the groups [MIDEX: dexmedetomidine 239 hrs (141-852 hrs) vs. midazolam 285 hrs (171-664 hrs) (Gehan-Wilcoxon p = 0.274); PRODEX: dexmedetomidine 190 hrs (117-511 hrs) vs. propofol 220 hrs (120-546 hrs) (Cox's proportional hazards test p = 0.346)].
Length of hospital stay*. The median duration of study hospital stay in MIDEX was 35 days (14-45 days) for dexmedetomidine and 27 days (17-45 days) for midazolam (Cox's proportional hazards test p = 0.370). In PRODEX it was 25 days (13-45 days) for dexmedetomidine and 28 days (14-45 days) for propofol ( Cox's proportional hazards test p =0.760).
Adverse events
In MIDEX, hypotension was recorded in 51 (20.6%) dexmedetomidine patients vs. 29 (11.6%) midazolam patients (p=0.007). Bradycardia was reported in 35 (14.2%) dexmedetomidine patients and in 13 (5.2%) midazolam patients (p<0.001). In PRODEX, the AEs hypotension and bradycardia were reported at similar rates. First-degree AV block in MIDEX was observed in three patients in each group, and in PRODEX, in 9 (3.7%) dexmedetomidine and 2 (0.8%) propofol patients (p=0.036). There were no differences between dexmedetomidine and standard care in infectious AEs. Critical illness polyneuropathy was more common in patients receiving propofol than in those receiving dexmedetomidine (11 patients vs. 2 patients, respectively; p=0.021).
Occurrence rate of new infections and pneumonias
We evaluated the occurrence rate of new infections and pneumonias based on the reported adverse events. We have taken all reported AEs consistent with an infection. We have separately looked at new pneumonias AEs.
In the MIDEX study, new infections were reported as follows: The median time to extubation in MIDEX was 101 hrs (65-313 hrs) for dexmedetomidine and 147 hrs (81-325 hrs) for midazolam (Gehan-Wilcoxon p = 0.012) and in PRODEX 69 hrs (39-184 hrs) for dexmedetomidine and 93 hrs (45-286 hrs) for propofol (Gehan-Wilcoxon p = 0.041). If the proportionality assumption was violated, the Gehan-Wilcoxon test was used instead of Cox's proportional hazards. In the MIDEX study 2 patients randomized to dexmedetomidine and 1 randomized to midazolam and in the PRODEX study 5 patients randomized to dexmedetomidine never received the study drug and have been excluded from this eTables 5-9
In dexmedetomidine vs. midazolam, 17%, 15% and 35% of duration of mechanical ventilation, time to extubation and length of study hospital stay data were imputed; in dexmedetomidine vs. propofol, the percentages were 14%, 13%, and 30%, respectively. Imputation had no major impact on proportionality assumptions. 
